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~~stract

The interferograms of a detailed stu4~ on the reflection of
non-stationary oblique shock-waves using a 23/tm dia field of view Mach-
Zehnd.er interferometer and the IY2IAS 10 cm 18 cm Hypervelocity Shock
Tube are presented in this separate report . -

The investigated. incident shock-wave Mach nim~er an
corner angle ranges were 1 < M8 < 8 and 20 < e~ < 6o , respectively for
both argon and. nitrogen at an initial pressure P0 ~ 15 torr and ten~ erature
To ~ 300 K. The initial conditions, i.e., M8, s~,, P0 and T0 as well as
the accuracy with which they were measured are given. A brief theoretical
review underlying major findings of the above mentioned stuly is also
presented.
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Notation

-
- Ar argon

- E(a) absolute error in measuring quantity “a” 
- 

-

I H height difference in the manometer

M incident shock wave Mach number

M the Mach number of the flow ahead of the incident shock wave

with respect to the triple point

- I M2T the Mach number of the flow behind the reflected shock wave

with respect to the first triple point of SW, Ci~R and DW

the Mach number of the flow behind the reflected shock wave

- with respect to the kink of a CMR or the second triple point
- of a DMR

- P0 initial pressure

- T te~~erature

- 
T initial temperature

7 specific heat ratio

absolute change in quantity “a”

81 the flow deflection through the incident shock wave in a frame

of reference attached to the first triple point

- 8
2 the flow deflection through reflected shock wave in a frame of

- reference attached to the first trip].e~point

angle of maximum deflection

-~ 
e ... sonic angle

- e
w actual wedge angle

8 ’ + X, effective wedge angle
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_
p initial density

density of the oil in the manometer

X first triple point trajectory angle
- 

1 X ’ second triple point trajectory angle

Shortenings

complex - Mach Reflection

DMR double — Mach Reflection

I incident shock wave in RB, SW, Cl.fl~ arid DW~
K kink in CW

M Mach stem in SW, CMR and DW

second Mach stem in DW

P re flection point in BR

B reflected shock wave in RB, SW, CW and DMR

B1 second. reflected shock wave in D!~

BR regular reflection

S slipstream in SMR , CMR and DW

S1 second slipstream in DMR

SW single — Mach Re flection

T first triple point in 5MB, CW and DNR

T1 second triple point in DMR

vi
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1. INTRODUCTION

When a planar shock wave collides with a compression corner in a
shock tube , two processes take place simultaneously . The shock wave itself
is reflected from the wedge surface and the shock—induced flow is deflected
over the corner. The first process is called shock—wave reflection , the
second flow deflection arid the overall phenomenon is the shock—wave diffraction.

The non—stationary shock-wave-diffr action phenomenon has been
intensively investigated recently theoretically and experimentally in the
UTIAS 10cm x 18cm Hypervelocity Shock Tube in nitrogen and argon (Refs . 1 & 2)
at initial conditions of P ~ 15 torr and T ~ 300K . The inc ident shock wave
Mach number range and the ~edge angle ran ge0were 2 < N 5 < 8  and 2° < e < 60°,
respectively.

It was shown (Refs . 1 & 2) that four types of shock—wave reflection
and two different flow—deflection processes are possible. Consequently , the
superposition of these two phenomena can result in a maximum of eight different
shock—wave—diffraction processes . The eight possible diffractions are:
regular reflection (RB), single—Mach (~ l’1R), complex—Mach (CMR)axid double-
Mach ( DMR ) reflections. The shock—induced—fl ow negotiates the corner with
the aid of either an attached or a detached shock wave during such reflections.

Otrt of all the experimental studies of this problem, only Smith
(Ref. 7) and White (Ref. ~) have published in detail their experimental
results. However, their incident shock wave Mach number was limited, to
M < 2.75, consequently there is a lack of reported experimental results for
M >  2.75 in the literature. Consequently, the result s of the present study
(Refs . 1, 2 & 3) should prove to be of considerable assistance to researchers
arid fluid dynamicists. Therefore, it was decided to publish all of the
experimental result s ( interfe rograms ) in a separate report as an accurate
data base of these complex shock—wave-di ffraction for their benefit .

2. SHOCK-WAVE REFLECTION

It was quite accepted among various investigators that the reflection
process in a shock tube , depends on the combination of the incident shock
wave Mach number M5, and the wedge angle 8 . However , Ben—Dor and Glass
(Refs . 1,2 & 3) have shown recently the sigXificance of real—gas effects on

-: shifting the boundary lines between domains of different reflections by
- 1 several degrees , arid hence , one must conclude that the reflection process

depends additionally on the initial pressure P0 arid temperature T0 .

The reasons for the formation arid termination of the various re—
flections are all discussed in detail in Refs . 1, 2 & 3 , consequently only
a brief discussion follows. The criterion for the termination of RB makes
use of the boundary condition that the flow downstream of the reflection point
must be parallel to the wall , i .e . ,  8 + 0. When this is violated (i.e.,
8 decreases to a point where it force1 8 to exceed in magnitude the maximum
d~f1ection value (8om) of the flow in state (i), Fig. 1(a), RB terminates.
Therefore, the termThation criterion is:

8 + 8  = 0  2— 11 2m
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When RB terminates three di fferent types of reflection , i.e., SW ,

CMR and DMR can oc cur depending on the Mach number Of the flow in state (2) ,
(Fig. 1(b) , (c)  and ( d ) )  behind the reflected shock wave B. As long as the
flow behind B is subsonic with respect to the first triple point T , SW occurs .
When this flow becomes supersonic with respect to T , SW terminates and a C}4R
forms . Consequently , the termination criterion of SW snd~.the formation
criterion of CMR is ,

M2T 1 2—2

CMR terminates when the flow behind B becomes supersonic with respect to the
kink K , thus the termination criterion of CW and hence , the formation criterion
of DMR is ,

M~~~~~1 2— 3

It is worthwhile mentioning that the line M~~ 1 corresponds approximately
to M~~ = 1.30 in both nitrogen and argon . Alternatively, one may use the
following empirical criteria for the existence of 5MB , CMR and DW in both
nitrogen arid argon . SW occurs only if:

2— 14

A CMR takes place when :

l < M ~~~< l .3 2—5

and DMB results for all

M~~~> l.3 2-6

The non—stationary shock wave reflection donf na in the (14 , ~~~~ ~
) — plane for

nitrogen and argon are shown in Figs. 2(a) and (b) ,  respec~ive!.y. In
addition to the above mentioned four reflection domai ns , there is a domain of
no reflection (NB) . This domain disappears when the vertical axis is trans-
formed from the effective wedge angle e; (e; — + x and- ’~ is th~ -ti~i~].s point
traje ctory angle) to the actual wedge angle e~ (R ef. i) .  The dashed boundary
lines are for a perfect gas , while the solid lines account for real—gas - 

-

effects (dissociation equilibrium for nitrogen arid, ionisation equilibrium
for argon ) with four different initial pressures ~P 1, 10 , 100 and 1000 torr)
and a constant initial-~temperature CT 300K) . Th~ significance of real—gas
effects in shifting the boundary line1 is clearly seen in Figs . 2(a ) and (b ) .

Recall that the vertical axis , e,, equals 8w + x in the domains of

2
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SW, CW and DMR, and in the dcInRin of RB, where x = 0 by definition (x 1s

the triple point trajectory angle, see Fig . 1). Consequently, in order to obtain
the domains of differont reflection processes in a im re physical plane, i.e •,
(N , 8 ) -plane, x should, be subtracted from the corresponding curves Law and Glass
(Ref . ~~~ and 6) developed a graphical method for predicting x An analytical
version of’ their graphical method, which was found to be in a better agreement with
experiments was later developed by Ben-Dor (Ref . 1) to get a pred.i ction of x~

The non-stationary shock-wave reflecti on in the (Me, 9~) -plane is
shown in Figs . 3(a) and. (b) for nitrogen and argon , respectively . Only lines
corresponding to P0 = 15 torr and. T = 300K are drawn . Note that the NR domain
disappeared, and hence one can con c,~ude that an incident shock wave will always
reflect when it collides with a c~~~ reasion corner in a shock-tube .

3. ThDtJCED-ELOW D~FLECTI0N

Consider a planar shock wave propagating in a shock-tube and. denote
the state behind it as (2 ’) .  For any given set of initial conditi ons (p 0, T0)
and incident shock-wave Mach number , N~, the induced flow Mach number
142, as well as its pressure P2, and temperature T2, can be calculated,. Consequently,
the corresponding sonic deflection angle, 852t~ 

and the angle of maximum deflection ,
can be determined. Thus the (M5, 9~) _plane is now divided into two main

regions , one corresponding to 142, < 1, where the induced flow is subsonic and
hence , turns over the corner subsotxically , and. the other corresponding to 142, > 1,
where the flow is supersonic. The latter region is subdivided into three
regions of different flaw deflection processes: 0 < < e~ , , for deflection
through a. straight and attached oblique shock wave , 852i < < 81n2’ for deflection
through a curved, and. attached shock wave, and > e~ , where the deflection is
through a curved and, detached shock wave . Since the maximum separation between

and 8s2’ is usually very small , only two regions , 0 < 8~, < 8m2 ’ where the shock
is attached and e~> e~ , where it is detached are considered for practical purposes.

The domains of different flow deflection processes are shown in
Figs. 14(a) and. (b) for nitrogen and argon , respectively . The dashed lines are
again for a perfect gas whereas , the solid lines are for the imperfect gas xxr del
with four different initial pressures , P0 = 1,10,100 and, 1000 torr and T0 300K.

14. SHOCK-WAVE DTh’fl~AC’.~BDN

The two independent phenomena di scussed in the previo us chapters , i .e.,
shock reflection (Chapter 2) and. flow deflection (Chapter 3) interact and give rise
to the overall shock-wave diffraction phenomenon . To show this process the figures
corresponding to shock wave reflection [Figs. 3(a) and (b) for nitrogen and argon ,
respectively ] and the figures for’ flow deflection [Figs . 14(a) for nitrogen and 14(b)
for argon] were superimposed to results Figs. 5(a) and (b).

The interaction between the shock-wave reflection phenomenon and.
the induced-flow deflection process causes the reflected shock wave R to curl
back towards the ccmpression corner. Consequently, the reflected shock-wave
terminates at the wedge corner or the shock tube wall . Since the configuration is
growing With time, the point where R terminates at the shock tube-wall

3
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moves towards the on—coming shock—induced flow , therefore increasing the
on-coming flow Mach number. Consequently , the subsonic turning regions shown
in Figs . 14(a) and (b) cannot be established in non—stationary flows . At the
limiting case of a degenerated incident shock wave CM ~ 1) the reflected
shock wave becomes a Mach wave . Therefore , as there are four reflection
processes (RB , SMR , CMR and DMR ) and two deflection processes (an attached
or detached shock wave ) a maximum of eight different shock—diffractions are
possible . However., only seven diffractions are possible in nitrogen and six
in argon (in the range 1 < M  < 10). The domains of different diffractions
for both nitrogen and argon8are given in Fig . 5(a)  and ( b ) ,  respectively .
The boundary lines are for imperfect gas with P = 15 torr arid T = 300K.
The different types of diffraction are summarizgd in Talbes l (a) °arid (b) ,
respectively . A detailed comparison between the various di ffraction processes
was done and discussed by Ben -Dor and Glass (Refs . 2 ,3 & 14) and Ben—Dor (Ref. 1) , —

Where th~e d~nsity- field ‘of - each diffraction process was deduced from the
corresponding interferograms , and discussed in detail .

5. EXPERIWNTS

The above mentioned analyses for the non—stationary reflection of
oblique shock waves in the (M 5 , 8’ ) and, (M , 8 ) —planes , the prediction of
X and the non—stationary diffractYon of obl!que”~shock waves in the CM 8 , 8
plane have all been substantiated by experimental result s from various
sources (Refs . 5 to 9) as well as 58 experiments in nitrogen and 148 in argon
that have been performed by Ben—Dor (Ref. 1). The initial conditions e ,
M
3, 

P
0 and T0 of all these experiments are given in column s 2 ,3 ,14 and 5

of’ Tables 2(a) and (b), respectively. The measured values of the first and
second triple points trajectory angles ( x  arid x’~ respectively) are givenin columns 6 and 7,  and the observed type of reflection is listed in column 8.
Column 9 gives the nuiriber of the experiment .

The accuracy in measuring the various parameters is discussed in
detail in Refa • 1 and 10 and consequently only a brief summary follows.

The maximum possible relative error in calculating the incident
shock wave Mach number was :

E(M )

M 
= (1.15 x M + 10.18) x l0”~ for nitrogen

E(M )
_____ = (1.05 N5 + 10.18 ) x ~~~~~~~~~ for argon

Inital pressures in the range 5 <P(~ < leO torr were measured with
an oil manometer. The pressure was calcuated from :

p 
~~~~ 

x H ()
P = torr

0 13.5951 

- 

14

_
a 

-
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where H is the oil—~iight difference in (as measured in the manometer) and
the density of the oil is given by:

p~~ 1 = [1.069 + 9.5 x iO~~ (2 5— T) ] a/cm3

T is the oil tempe’ ~ture.

The absolute error associated with the initial pressure (Ref. 1 and
10) is:

E(P ) = 1.14 x lO ’
~ H(xnm ) + 7.86 x 10 2 torr

Pressures in the range P0 ~ leo tori’, were measured with a Wallace

and Tiernan , type FA 160 ( 0—200 torr ) to an accuracy of + 0.2 torr arid hence
the maximum possible error was E(P0) = 0. 14 torr .

The initial temperature w&s measured with a standard mercury bu1~thermometer to an accuracy of + 0.1 , consequently, an error of E T = 0.2
is associated with all temperature readings .

The compression wedge mo~els were machined in the UTIAS machine shop
to an accuracy of + 1’ or + 0.0167

The value of X was measured frog the interferogr~ms within + 0.5°.
In the case of X’~ the accuracy was + 0.5 for DI4R and + 1 for C1.~ where
the kink is not so clear as the second triple point of a DMR.

All but three interferograms of the experiments l isted in Tables 2(a )
and (b) are presented in the following. The excluded interferograms are those
of experiment s 7, 9 and 10 in nitrogen (Table 2(a)), lines No.14 1, 38 and 39,
respectively which were recorded after the incident shock wave passed the test
section and hence the diffraction is out of the field of view. The interested
reader can see these interferograris and the corresponding discussion in Ref. 1
[(Figs. 66(b), Cc) and (d) ] .

Note that experiments 76 and 77 in argon (Table 2 (b ) ,  lines 5 and 6 ,
respectively) does not show any reflection owing to the low initial pressure
P0 , arid hence density P0, that did not result in a sufficiently large change
in the density , t~p , that would produce a visible fringe shift. Note that in
similar experiments with almost the same Mach number (experiment 78 , line 14)
and also with stronger and weaker incident shock waves [experiments 75 (line
3) and 81 (line 8),  respectively] but a much higher initial pressure, a clear
SMR was obtained.

Each interferogram is labelled with a letter followed by a number.
The letter N or A, corresponds to nitrogen or argon and the number indicates
the line in the appropriate table [Table 2(a) for nitrogen and 2(b) for argon],
where the initial conditions are listed. For example, interferogram No.9
corresponds to the experiment listed in line 9, Table 2(a) , i.e., a SMR
in nitrogen with M5 

= 7.77 , 8~ 2~ , P0 = 9.80 torr and T0 = 297.6K.
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6. CONCLUSIONS

The foregoing interferometric experimental results , fill up a large
gap of experimental information concerning non—stat ionary oblique—shock—wave
diffractions over compression corners, that have existed in the literature
since the pioneering work of Smith (Ref. 7). More than three decades ago,
Smith (1945) published the resuit g of his de~aiied experimental study in air
in the ranges 1< N < 2.75 and 5 < 8,~, < 85 . The present report extends
the experimental in~’ormation to a much wider range of incident shock—wave Mach
numbers 2 < M < 8 in nitrogen . In the case of argon the present data in
the range of ~~ < 8~ < 600 , 2 < M5 < 8 is the first of its kind. Unlike

Smith (Ref .  7) who measured various quantities such as angles between different
shock wave and then report ed them while presenting only a few Schlieren
photographs , the present report contains all the interferograms and their initial
conditions. Consequently , invest igators can benef it from the interferograms
by measuring quantities of their interest.
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TABLE 1(a) : Diffract ion Regions in Nitrogen ( Fig . 5a)

SHOCK DIFFRACTION
REGION NO. 

____________-

Shock Flow
______________ ~ef1ection Deflection

1 RR Detached

2 SMR Detached

3 SMR Attached

14 CMR Detached

5 CMR Attached

6 DMR Detached

7 DMR Attached

TABLE 1(b): Diffraction Regions in Argon (Fig. 5b)

SHOCK DIFFRACTION
REGION NO. 

___________  ________________

Shock Flow
______________ 

Reflection Deflection

1 RB Detached

2 SMB Detached

3 SMR Attached

14 C~~ Detached

5 CMR Attached

6 DMR Det ached

L ‘~~
•
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TABLE 2(a): Initial Conditions for the Experiments in Nitrogen

1 2 3 14 5 6 7 8 9~

No. M P0 
T0 x x ’ Reflec— Exp.

tion

1 2 l.9~ 52.50 297.2 26.0 S}~ 70
- • 

2 2 I~~9 53.50 297.3 26.5 S)~ 71

3 2 1.85 52.50 297.14 26.5 SMR 72
14 2 3.84 15.19 297.14 23.5 S!4~ 73
5 2 14.15 15.17 297.3 23.0 SMR 74

6 5 3.75 15.25 295.9 20.5 SI’ffi 37

7 5 14.71 15.81 295.2 20.0 si~ 31
8 5 5.85 15.18 297.0 19.5 

- 

5~dR 33
9 5 6.01 15.19 295.8 18.5 S~~ 34

— - 

10 5 6.86 10.00 295.6 18.0 SI~ 35
11 5 7.51 5.17 296.0 17.5 SNR 36

12 10 2.01 50.00 295.8 19.0 Sl~ffi 39
13 10 2.37 35.44 297.7 18.5 SMR 88
14 10 2.61 37.00 297.8 18.0 SMR 90
15 10 2.82 30.314 297.6 18.0 s~ 89
16 10 3.62 15.23 295. 14 16.5 40
17 10 14.59 15.16 298.5 16.2 SZ~ 20

18 10 4.72 ~.5.-O0 295.0 16.0 s~~ Ia

19 10 5.92 15.27 295.0 15.5 142
20 10 6.79 10.21 295.2 15.0 S~~ 143
21 10 7.58 5.13 294.8 14.5 - S~~ 44

22 20 1.93 51.00 297.2 12.5 SNR 50
23 20 3.74 15.31 297.4 12.0 C~~ 49
24 20 14.81 15.29 296.6 11.5 15.5 CMR 148
25 20 6.27 15.33 296.0 11.2 14.5 CMR
26 20 6.87 10.12 295.8 11.0 14.0 CMR 46
27 20 7.71 5.06 296.0 10.0 11.5 C~~ 45

28 26.56 2.01 50.00 296.6 9.2 SNR 26

29 26.56 8.06 5.10 298.2 9.0 9,9 D}~ 102

30 30 1.97 51.00 297 .14’ 9.5 SMR 51
31 30 3.68 15.27 297.3 8.0. 10.0 CMR 52
32 30 14.68 15.28 297.14 7.8 9.5 DI~
33 30 5.93 15.22 297.4 7.7 10.0 D1~
34 30 6.96 10.11 297. 14 7.6 9.8 D~~ 55
35 30 7.97 14.99 297.4 7.14 9.0 DMR 56

36 leo 2.02 50 .00 297.3 14.0 CNR 63
37 leO 3.69 15.34 2WT .4 4.8 7.0 D~~ 62
38 leo le.59 15.64 298.2 D}~ 9
39 leo 4.6o 15.15 298.4 DMR 10

~A ~~~~~--- -~~~~~~ 
- -- - - - —
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‘-H TABLE 2(a) — continued:

No. e M P T x x ’ Re flec— Exp.w 5 0 0 tion

140 140 14.614 15. 29 297 .2 5. 0 6.2 DMR 6
141 140 14.72 15.31 296. 14 DMR
142 140 14 .75 15.30 297. 14 5.2 6.2 D~~ 6i
143 140 14.98 5.13 296.9 5.2 6.8 D!~ 5
I~14 ho 6.17 15.314 297 .14 14.2 6.0 DMR 60
145 140 6.97 10.28 297.3 3.8 5.5 DMB 59

• 146 140 7.78 5. 00 297.3 3.5 14.0 DM~ 57
14~ 140 7. 95 5.01 298.5 3.8 14 .0 DI~m 58

48 50 2.07 50.00 299 .6 RB 127
149 50 3.69 15 .27 298.9 RB 126
50 50 14.78 15.24 298 .14 RB 125
51 50 6.22 15.29 299 .6 1214
52 50 7.29 10.22 299.1 RB 123

53 60 1.96 65.00 299.0 RB 130
514 60 2. 03 59.00 299 .2 RB 128 

-

•

55 60 3.814 17.18 299.0 BR 129
56 60 14.68 15.31 298.1 RB 18
57 60 4.~ 6 15.26 298.14 RB 131

58 63 .143 2. 01 50.00 296.8 RB 25

r

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~k



TABLE 2(b): Initial Conditions for the Experiments in Arg~on

1 2 3 14 5 6 7 8 9

~lo. e M P T x x ’ Reflec— Exp .w 5 0 0 tion

2 2.03 50.00 297.14 28.5 SMR 84
2 2 3.02 20.29 297.8 28.0 sI.n~ 83
3 2 14.39 15.00 297.14 27.5 5MB 75
14 2 5 .19 15.30 297.2 27.0 SMR 78
5 2 5.33 ~.o14 297.3 76
6 2 5. 142 5.08 297.3 77
7 2 6.13 15.33 296 .0 SMB 60
8 2 6. ley 15 .32 295.4 26 .0 SI~1I~ 8].
9 2 7.77 9.80 297.6 25.0 SMB 82

10 10 2.01 50.00 298.6 21.0 85
U 10 2.96 20.28 299.0 20.0 SMR 86
12 10 14.39 15.32 297.0 19.5 s~m 87
13 10 5.22 15 .22 298.4 19.2 5MB 91

10 6.06 15 .214 299.0 18.5 5MB 92
15 10 6. 147 15.27 299.0 18.5 SMR 93
i6 10 7.88 9.96 298.6 17.5 5MB

17 20 2.00 50. 00 298.4 15.0 5MB 101
18 20 2.82 20.32 299.0 ile .5 5MB 100
19 20 14 .40 15.26 299.0 114.0 CMR 99
20 20 5.20 15.22 299.0 14.0 17.0 CMR 98
21 20 6.014 15. 27 297.2 13.7 17.5 C!.ffi 97
22 20 6.8 14 15.22 298.14 114.0 18.0 CMR 96
23 20 7.76 9.814 299.0 114.0 17.5 CMR 95

214 30 2.03 50 .00 299.6 9.5 SMR 103
25 30 2.89 20.24 299.2 9.5 12 .0 CMB 104
26 30 le.5l 15.25 299.0 10.0 13.0 CMR 105
27 30 5.29 15.21 299. 14 10.0 12.5 CMB 106
28 30 6.36 15.27 299.4 10.2 13.0 ONE 107
29 30 6.96 15 .00 295. 14 10.0 13.0 CMB 109
30 30 8.01 9.80 299.5 10. 0 13.0 CMR 108

31 140 2.05 50. 00 297.8 6.0 11. 0 CMR 116
32 140 3.11 20.3 14 299.8 5.5 10 .0 CMR 115

- - 
- 33 40 4.44 15.00 299.1 5.5 10.0 DMR 114

314 140 5.28 15.29 297.9 5.5 10.0 DMB 113
35 40 6.12 15.32 297.6 s.’r 10. 0 DMR 112
36 leo 6.81 15.23 298.8 5,7 9.5 DMB lii
37 ~ 7.53 9.87 297.0 5,5  9.5 DMB 110

38 50 2.04 50.00 298.2 1.0 0MB 117
39 50 2.96 20.50 298.4 1.5 4.0 DMR 118

b1 
-- - • 

~~~~~~~~ 
~~~~~~~~~~~~~~~~~ 

-j



I 
--
_

— --- - 
- 

— -

~~~~~~~

TABLE 2 (b ) :  Initial Conditions for the Experiments in Argon — cont inued

1 ~lo. 9
w N P T X x ’ Reflec— Exp.

5 0 0 tion

40 50 4 .40 15.30 299.2 2.0 4 .0 DMR 119
141 50 5.27 15.32 298.2 1.5 14.0 DMB 120
42 50 6.27 15.34 299 .le 1.14 4 .o DMB 121
43 50 7.03 15.29 299.4 1.3 3.5 DNR 122

- ;  1414 60 2.03 50.00 301.0 BR 132- - 145 60 2.03 50.00 299.2 BR 1314
146 60 3.03 20.00 299.5 RB 133
147 60 14.~o 16.16 299.8 BR 135

. 148 60 5.24 15.30 299.2 RB 136
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FIGURE 6

INTERFEROGRP~~ OF THE ERD~~12S LISTED IN TABLES 2(a) A~D (b) . THE
INITIAL CONDITIONS FOR EACH CASE ( INrERFEROGRAM) ARE LISTED IN TABLES
2(a) AND (b) . EACH INTEBFEROGRAM IS LAB~LI1~D WITH A LETTER FOLLOWED
BY A NUMBER . THE LETTER N OR A CORRESPONDS TO NITROGEN ~TABLE 2( a) )
OR ARGON ~TABLE 2(b)), RESPECTIVELY . THE NUMBER INDICATES TUE LINE
i’w~~ ir~ (IN THE APPROPRIATE TABLE) WHERE THE INITIAL CONDITIONS ARE
LISTED. FOR EXAMPLE , N9 CORRESPONDS TO THE IMBNT LISTED IN LINE
NUMBER 9 OF TABLE 2(a) , THEREFORE, THE II’TTERFEROGRAM SHOWS A 5MB IN
NITROGEN THAT WAS OBTAIN~ ) BY REFLECTING AN INCIDENT SHOCK WAVE OF
N5 = 7.77 PROM A WEDGE ANGLE OF 8w = 20 . THE INITIAL CONDITIONS OF
THE GAS P,ItF.AD OF THE SHOCK WAVE FOR THIS CASE ARE : PRESSURE P0 = 9.80
TORE AND TEMPERATURE To = 297.6 K.
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